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2 (f(xi+1, yj , zk) − f(xi−1, yj , zk))
1
2 (f(xi, yj+1, zk) − f(xi, yj−1, zk))
1
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Lr(x, wr) = Le(x, wr) +
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E×B }G±lU ~vGC = ~E×~BB2 . ~E
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u G ~5⊥ = ( ∂.∂r , 1r ∂.∂θ )
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x(α, β) = (R + r.cos(θ)).cos(φ),
y(α, β) = r.sin(θ),
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u = atan(z,x)2π .
¾N¢ZÁ
* l%#Ll8}JSSl vwx8uS>l vwly{}¸>uzllS¥ZyuZ¸}J~lWvw#uZ½a}k-}½vS}|]yX² lU|}ZlWk6uvwll]l8#~lBvS}J]iSzx8~}~iz¼µ
JSl8k:l8JW|ly{ufy¯}-S~uºÄuBvwlSoylU|ouZS>l8|uZ¸wl8@Sl8|8Sl|zkSy{}z{uf¥ZJ~uwz{Sx~z{JSl lU|Wlfk6l8|S~l&v² ~l
±@z¯|B}y{z{|xl






,.-0/ 1¡S3#lvw±uZyk:z¯JSl v² SSl












s ∈ [0, 1], |uz √x2 + z2 ∈ [R − rmax, R + rmax]
t ∈ [0, 1], |uZz¼ y ∈ [−rmax, rmax]
u ∈ [0, 1], |uz atan(z, x) ∈ [0, 2π]
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nbθ











∀k ∈ [0, nbφ[, φ(k) = knbφ
∀j ∈ [0, nbθ[, θ(j) = jnbθ








φ(s, t, u) = u
θ(s, t, u) = atan(t − 0.5, s− 0.5) ∗ 12π
r(s, t, u) =
√












φ(k) < φ(s, t, u) < φ(k + 1)
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si,k = s(i, j, k) + δθ × (s(i, j + 1, k) − s(i, j, k))
si+1,k = s(i + 1, j, k) + δθ × (s(i + 1, j + 1, k) − s(i + 1, j, k))
si,k+1 = s(i, j, k + 1) + δθ × (s(i, j + 1, k + 1) − s(i, j, k + 1))










sk = si,k + δr × (si+1,k − si,k)
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s = x2 + z2 − (R − rmax)
t = y
u = atan(z,x)2π .
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s(rmax, θ, φ) s(rmax, θ + ∆θ, φ) s(rmax, θ + ∆θ, φ + ∆φ)
s(rmax, θ, φ) s(rmax, θ + ∆θ, φ + ∆φ) s(rmax, θ, φ + ∆φ)




2 ∗ nbφ × nbθ
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uHG
ydiscard 6∈ [0, 1]
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2 ).xview   direction
−znear.tan( fovy2 ).yview   direction + znear.zview   direction
s2 = camera

position − znear.tan( fovx2 ).xview   direction
−znear.tan( fovy2 ).yview   direction + znear.zview   direction
s3 = camera

position − znear.tan( fovx2 ).xview   direction
+znear.tan(
fovy





2 ).xview   direction
+znear.tan(
fovy
















































position + znear.xview   direction
−znear.yview   direction + znear.zview   direction
s2 = camera

position − znear.xview   direction
−znear.yview   direction + znear.zview   direction
s3 = camera

position − znear.xview   direction
+znear.yview   direction + znear.zview   direction
s4 = camera

position + znear.xview   direction
+znear.yview   direction + znear.zview   direction
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3 : rejeter le fragment, sortie du fragment shader
4 :   8KD    8
5 : (xstart,ystart,zstart) = texture2D(front_faces, (u, v))
6 : ray = (xend,yend,zend) − (xstart,ystart,zstart)
7 : rayinc =
ray
nbsteps−1
8 : (x,y,z) = (xstart,ystart,zstart)
9 : FragmentColor.rgba = (0.0, 0.0, 0.0, 1.0)
10 :
 oÆ>© 
(i=0, i<nbsteps, i++)  

 8 
11 : texture_coord.x =
√
x2 + z2 − (R − rmax)
12 : texture_coord.y = y
13 : texture_coord.z =
atan(z,x)
2π
14 : voxel = texture3D(tokamak_texture, texture_coord.xyz)
15 : pixel.rgba = texture1D(transfer_function, voxel)
16 : FragmentColor.rgb = FragmentColor.rgb + pixel.a*pixel.rgb*FragmentColor.a
17 : FragmentColor.a *= (1.0 − pixel.a)
18 : (x,y,z) = (x,y,z) + rayinc
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3 : rejeter le fragment, sortie du fragment shader
4 :   8KD    8
5 : (xstart,ystart,zstart) = texture2D(front_faces, (u, v))
6 : ray = (xend,yend,zend) − (xstart,ystart,zstart)
7 : rayinc =
ray
nbsteps−1
8 : uMSPITFS = log
raymax
‖ray‖ × 1nblod +
1
2nblod
9 : (x,y,z) = (xstart,ystart,zstart)
10 : texture_coord.x =
√
x2 + z2 − (R − rmax)
11 : texture_coord.y = y
12 : texture_coord.z =
atan(z,x)
2π
13 : sf = texture3D(tokamak_texture, texture_coord.xyz)
14 : (x,y,z) = (x,y,z) + rayinc
15 : FragmentColor.rgba = (0.0, 0.0, 0.0, 1.0)
16 :
 oÆ>© 
(i=0, i<nbsteps, i++)  
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
17 : texture_coord.x =
√
x2 + z2 − (R − rmax)
18 : texture_coord.y = y
19 : texture_coord.z =
atan(z,x)
2π
20 : sb = texture3D(tokamak_texture, texture_coord.xyz)
21 : pixel.rgba = texture3D(MSPITFS, vec3(sf, sb, uMSPITFS))
22 : FragmentColor.rgb = FragmentColor.rgb + pixel.a*pixel.rgb*FragmentColor.a
23 : FragmentColor.a *= (1.0 − pixel.a)
24 : (x,y,z) = (x,y,z) + rayinc
25 : sf = sb
26 :   8KD    oÆ>© 
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I = Ia + Id ∗ (−
−→
L .
−→∇f) + Is ∗ ((
−→
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gx = (s +
1
width
, t, u) − (s − 1
width
, t, u)
gy = (s, t +
1
height
, u) − (s, t − 1
height
, u)
gz = (s, t, u +
1
depth



























}G±lU ‖−→g ‖ =
√
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3 : rejeter le fragment, sortie du fragment shader
4 :  
8KD    8
5 : (xstart,ystart,zstart) = texture2D(front_faces, (u, v))
6 : ray = (xend,yend,zend) − (xstart,ystart,zstart)
7 : rayinc =
ray
nbsteps−1
8 : (x,y,z) = (xstart,ystart,zstart)
9 : FragmentColor.rgba = (0.0, 0.0, 0.0, 1.0)
10 :
 oÆ>© 
(i=0, i<nbsteps, i++)  

 8 
11 : texture_coord.x =
√
x2 + z2 − (R − rmax)
12 : texture_coord.y = y
13 : texture_coord.z =
atan(z,x)
2π
14 : voxel = texture3D(tokamak_texture, texture_coord.xyz)
15 : pixel.rgba = texture1D(FT, voxel)
16 : gradient.x = texture3D(tokamak_texture, vec3 (texture_coord.x+ 1
width
,
texture_coord.yz) − (texture_coord.x − 1
width
, texture_coord.yz))
17 : gradient.y = texture3D(tokamak_texture, vec3((texture_coord.x,texture_coord.y+ 1
height
,
texture_coord.z) − (texture_coord.x, texture_coord.y − 1
height
,texture_coord.z)))







20 : light_direction = normalize(LIGHT_POSITION.xyz − (x,y,z))
21 : light_reflected = reflect(−light_direction.xyz, gradient.xyz)
22 : view_vector = normalize(CAMERA_POSITION.xyz − (x,y,z))
23 : pixel.rgb *= (Ia + max(light_direction · gradient,0)*Id)
24 : pixel.rgb += ((light

reflected · view  vector)20*Is)
25 : FragmentColor.rgb = FragmentColor.rgb + pixel.a*pixel.rgb*FragmentColor.a
26 : FragmentColor.a *= (1.0 − pixel.a)
27 : (x,y,z) = (x,y,z) + rayinc
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